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panied by strong squally winds, absolutely re uire storm 
warnings, but i t  often ha pens that these out 1 reaks fail, 
due in the cases especidy reviewed to just the above- 
dascribed and artly unexpected formation of a secondary 

On the 8 a. m. chart for February 9 (Synoptic charts, 
Bergen Weather Bureau) a squall-line was lying east of 
Iceland, with a rising tendency in the ressure in some 
places of as much as +7 mm. in three tours. A storm 
warning was issued for t,he coast from Bergen north- 
ward. The expected gale did not come, but on the 2 . m. chart of the next day a secondary was revealed 
forming southwest of Lofoten. This secondary gave a 
southwesterly prefrontal gale for quite another part of the 
coast. 

Secondaries occur in both the southwesterly and west- 
erly types. The series may or may not be marked by 
them. Perhaps we think they are lacking only because 
they have not been detected on the chart. The question 
is certainly open to much discussion and study. 

The type termed southerly, or more properly south- 
southwesterly, is more of a spring or summer phenomenon 
in contrast to the winter westerlies. The senes is marked 
by long occluded waves, seldom by waves having a well- 
developed warm sector. They extend from a stat,ionary 
center to the south of Iceland south over England and 
France. These waves are probably generated farther 
south than those of the series mentioned earlier in this 
discussion. The general trend of the isobars is n0rt.h- 
south and the extended valley of relat,ively low pressure 
south of Iceland is an effective shelter against the pro- 
trusion of cold polar air under warm tro ical, until some- 
where rather far south of Cape Farewelf: 

The tro ical high in this case generally is pushed east- 

nean. The high is accentuated. This is partly due, in 
all probability, to the descent of the outflow of air in the 
u per strata from the cyclones to the west of the high. 
‘&e length of the path of the cold air from this source to 
its turning point and back toward the British Isles 
naturally exhausts much of its original potential energy. 
The temperature difference between polar and tropical a!r 
is less marked under these circumstances, and on this 
account the cyclone is poorly developed in the beginnin , 

feebly deve f oped, which is seen bv the dimensions of its 
warm sector, the boundaries of which then, especially in 
the more central arts of the cyclone, between Iceland 

Secondaries also occur in the southwesterly type, 
althou h of a somewhat different nature than in the 

secondaries which appear first over nglan and France 
as quasi-warm sectors attached to the occluded primary. 
The origin of these secondaries is in reality not so far 
different from the origin of the secondaries in the types 
mentioned above. 

The occlusion has the character of a so-called cold 
front, advancing from the south-southwest although the 
instability of the cold air over the warm surface 1s less 
marked. When the cold front advances against air that 
is warm enough in comparison with the polar air, a warm 
or quasi-warm sector is formed in that part of the cold 
front,. This generally is the case over south England and 
western France. This is also characteristic of the sec- 
ondaries of the first-mentioned types. Showers follow 
the passage of the occluded wave, indicating the unstable 
iiature of the air. 

in the awaite B cold front. 

ward unti Y its center lies near Spain and the Mediterrttr 

and conse uently after its journey northward is s t i l  7 

and the British Is Y es, are clapped together. 

wester P y type. Apparently every iha7 wave has 

Secondary c clones often originate in a well-develo ed 
cold front. d i s  may occur after the third wave, gut 
more especial1 the fourth of a series, because these swee 

to feed a warm sector. These secondaries may often have 
Fl so far south t x at they come up against air warm enoug 

first appearance on the 
into cyclones with gradient 

the primary cyclones. 
sunimer, when the general 

with the regeneration of 
old “secluded” c clones or cold fronts which have been 

the warn1 air supply from a warm continent. It may also 
happen that new fronts are developed in the cold polar 
air of a recent outbreak, when the air has been sufficiently 
warmed in parts to give enou h contrast in temperatures. 
Thus, also, new fr0nt.s may fevelop along the coast of a 
continent in the winter time due to the contrasts in tem- 
perature between the cold air masses of an anticyclone 
cooled by radiation and the relatively warm air over the 
adjoining sea or ocean. For instance, such a “maritime” 
front gave the snowstorm of 500 millimeters of precipitcc 
tion at  Bergen in November, 1919. Second? front8 in 
summer frequently develop over Denmark an northern 
Germany, and, moving ver slowly following the upper 

ern Sweden. This type of discontinuity is often very 
intricate and ext,remely hard to trace on the map, often 
lacking a marked resemblance to the life forms described 
above. The ressure field often takes the form of a 

these “ amoeba” cyclones and the strong convergence of 
winds make them one of the strongest rain producers in 
southern Sweden. The same is the case when an origi- 
nally real polar front is retarded in its movement or b e  
comes stationary. 

It may be pointed out that the average duration of 
each wave in a family according to the statistics of the 
first 140 days at  the beginning of 1921, is 6.5 da s for 

for average precipitation periods foipcl. for the Northern 
Hemisphere. The existence of a periodicity IS also known 
for the Southern Hemisphere. Quite probably further 
details could be determinedfroni a study of the phenomem 
of t.he “southerly burster” of Australia and the “pampero” 
of Argentina, both typical cold-front phenomena. 

The step to tropical cyc.lone is natural. Professor 
Bjerknesl6 has advanced the theory that they have their 
origin in the “sliding surfaceJJ of the Trades.” Accord- 
ing to H. U. Sverdrup’* the general variations in the 
features of this surface account for the various phenom- 
ena in certain arts of the tropics and their frequent ap- 

nearly obliterate B but may be revived by a renewal of 

drift, give great amounts o 9 rain in Denmark and south- 

barometric valey P or trough. The slow propagation of 

Scandinavia in good accordance with the period of d efant 

pea.rance in ot R er parts. 
NORWEGIAN WEATHER SERVICE : FORECASTING BY 

BJERKNES THEORY. 

The Norwegian Weather Service is directed from three 
forecast centers, Christiania, Tromso, and Bergen. Ber- 
gen ranks second to Christiania m population, and has 
really a more important forecast division-that along the 
western coast,, divided into 30 districts, north to a certain 
point where Troniso district begins, fishing being the prin- ___ 
M V. Bjerknes, On the Dynamics of th8 Circular Vortex with A plhtlons tO the 

Atmosphereand Atmw heric Vortex and Wsve Motions. ChristinnE, 1921, Qmfgatakr 
Prblikatfpncr,Vol.II 80 4 p 83 

IT This IS referred td. in ih6 s k i n w  - MONTHLY WEATasR REVIEW, March, 1821, Of 
an article b C. E. P. Brooks and €I. &. Braby BS the “mobile center of action” under 
the clash o?Tradea In the Pacific. 
18 H U Sverdrnp Der Nordatlantiache Passst, Vcrbflmtlichungcn dr8 Qrophgdka- 

l i s c h t ~  I&tiluts der ~?mioerait6t LdpzQ, 11, Ser.. 1917. 
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ci al Norwegian industry, both winter and summer. 
dristiania forecasts for t.lie few, yet very important, agri- 
cultural district-s to the south. 

tion, short-range forecasts. 
The fourbh type are t.hose sent to the newspapers of 

the im ortant towns of the dist.ricts; these really come 
under t ?l e first type, for they are usually modifications of 
the same; containing a h  descriptions of the general 
weather conhtions. Lastly, in winter, come the snow- 
storm wa-s for the mountains along the Bergen- 
Christiania RaJroad. 

A weather chart is prepared three times daily, at 8 
a. m., at 2 p. m., and at 7 p. m. Forecasting in general is 
carried on for the most .part along the usual meteoro- 
logcal lines, using the pnncipal meteorological element.s, 
mnd, precipitation, humidity, and temperature, fore- 
casts for visibility being made in special cases. 

The problem of forcasting naturally presents itself in 
two alternativeforms. . It can be dealt with in two ways, 
either the polar front waves in any stage of the cyclonic 
life cycle as well as other marked secondary discon- 
tinuities, or following the two air masses, polar and trop- 
ical. In tropical a1p high temperatures and hazy or 
fogy weather are to be expected accordi to t.he 

tion of drizzle or the slightest forms of precipitation. 
Even very slight showers of rain ma occur under the 
circumstances deiscribed above. Brilr?mt weather may 
be expected where the olar front keeps far from the 

north, far enough so that the station is farther south 
than the area of poor visibility. Often in southern 
Norway in the sprin this is true, when the center of the 

or even farther northeastward. High winds are rather 
rare in this case, although they may also be found in 
tropical air when a decided frontal wave sweep the 
territory. 

In  polar air a different type of weather conditions is 
to be found according to the time that has elapsed since 
the air masses left the polar regions. If the forecasting 
district is swept by the near1 st,ationary northerly 

ongin of the air masses and the tendency to Y t e forma- 

district, eit I! er far south in the tropicd 

so-called Azores hig a may be found in southern Ireland 

at Norway lies in cold polar air, or to the 

winds of a recent p a t  cold out K reak, then the temper- 
a,Tigure I 

8; April, 1920. 

age 120 V Bjerknes “Struclure of tbe Atmm: b m  when Rain is Fsll- 
QvardrPy J o n r h  iJ Ihr Ro!;ol .Urtmrolobiral Porirly. tolume SLVI, Numbw 

atures are naturally low and visibility is very good. 
The cloud forms are of the cumulus type and give rise 
to showers in places where the. topography is favorable. 
Fog never occurs in this situation; kllling frosts are not 
infrequent in summer time. The winds are enerally 

advance of the cold polar air. 
If some time has ela sed since the olar air left the 

general, an intensified anticy$onic type of weather, no 
precipitation but wit.h niorning or ni ht fogs due to 

With such conditions in the north, this is the ideal 
situation for the formation of secondary fronts toward 
t.he south. The summer thundershower of central 
Europe is a manifestation of the condition. 

In the situation mentioned above, local conditions 
influence weather to a great extent, es ecially the flat 

ern Norwa and great parts of Sweden rn summer are 

moist, air has been carried in to them by t.he sea breezes 
or more general winds. These, according to J. Bjerknes 
and H. Solberg f o  are sit,uated on the slopes of mountain 
blocks or free peaks, where the release of t.he latent 
energy of the moist air takes lace most readily. The 

t.ainous districts o€ Norway is or anically connected with 
and explained by Bjerknes’s keory. The forecasting 
work for the east.ern art of Norway is mainly “shower 

high degree t,he study of t.he met,eorological elements 
mth  regard t.o local and topographical conditions. One 
of t.he most important factors used in the forecasting of 
summer showers is absolute humidity. 

If the polar front passes over t.he forecasting district,, 
the weather type is cyclonic. This does not alone imply 
the sequence of the weather of a f u l l - r w n  cyclone, as 
described in J. Bjerknes’s first paper, ut  also the later 
remarkably different stages which occur in the life cycle. 

Strong increases in temperature are naturally bound t.0 
occur with the .advance of a well-developed warm sector. 
If the cyclonic wave is secluded, the warm sector a t  the 
surface of the earth may have very little contrast to the 
surrounding polar air masses. Frequently the secluded 
wave gives no rise of temperature in the bottom la ers of 

the passage of the front marks an inflow of originally 
polar air. 

Specific rain areas are set out along the polar front 
following the line, one preceding the warin front, one 
following a t  the rear of the cold. The first is broadest, 
reaching 200 to 400 kilometers, while the la.tter is very 
narrow, often no more than 10 kilometers. It, is always 
kept in mind that when one is using rain areas to fix the 
position of the polar front orographical conditions play 
an important part, in the formation tmd distribution of 
rain. 

Precipitation in the t y p i d  cases of younger cyAones 
is first the warm-front rain followed by tlie narrower 
cold-front stripe after an interval. In  ct “seclusia” this 
is also the case, although the weather chart shows less 
distinction be.tween the two phenomena. The “ seclusia ” 
has one rain area or in its last statu of degeneration 
only a cloud area. The last wave of a series is tlie more 
stormy, due to the squally nature of the cold outbreak. 

gusty or squally, often reaching gale force, mar 5 ing the 

northern regions the 8 istricts coverecf by it have, in 

radiation. As a rule, the force of t E e wind is low. 

summer types, when the weather is who ii 7 local. East- 
dott,ed wit t local centers of shower generation, when 

very puzzling formation of the f oca1 shower in t’he moun- 

forecasting,” especial Q 7 in summer. This involves in a 

the atmosphere, but rather often a well-marked s all, as 

M MeteaolOgieel Conditions far the Formation of Rain: J .  BJerkiies snd H. Solberg. 
Omphpical Publicdam, Vol. 111, No. 3, Oeofysiske Knmmission, Kristiania, 1921. 
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The visibility according to the origin of the air masses, 
changea With the pass It is in 
fact one of the main c T aracteristlcs of the different air 

e of the .two fronta 

In  addition to these general conditions Scandinavian 
forecasters are well aware of special conditions and take 
them into account in forecasting. The polar front may 
be halted by the niountain iid e between the western 
and eastern parts of southern d r w a y ,  or between Nor- 
way and Sweden in the northern part. The cloud masses 
may cross the suinmit of the mountain ranges and extend 
beyond as alto-stratus. The cross-section of the channel 
of warm air between the fronts is diminished by the pres- 
sure a t  the sliding surface and the wind forces conse- 
quently increase. The forecast “southerly gale *th 
rain” is issued when a cyclonic wave advances to the 
western coast of Norway. The forced rise of air whlch 
takes place along the sliding surface of the warm front is 
considerably increased and veritable deluges of rain are 
sometimes experienced at Bergen in these situations. 
Naturally great amounts of recipitation occur when a 
raining h n t  is retarded or tecomes stationary. Oro- 

aphcal conditions may retard part of the front while 
%e rest of it ma continue. This ma even lead to the 
regeneration of t E e c clone on the flan l s of the retarding 
mountain range. d i s  is an especially frequent occur- 
rence in winter in Scandinavia. 

Cold fronta as well as warm fronts may be halted 
against the mountain ranges. When the winds blowing 
m t h  a mountain wall to the right of them in the Northern 
Hemisphere the deflecting force of the earth’s rotation 
causes an increased gradient there and the wind force is 
consequently increased. This is such an important 
phenomenon in Norway that it is often the cause of 
special warnings for storms. 

The most frequent discontinuity is that between tem- 
eratures of stations lying on the two sides of the polar 

[ront. These differences in winter are usually very 
marked, the summer conditions, on the other hand, re- 
ducing them to a minimum, the discontinuity at  the cur- 
face of the earth often entirely disappeanng through 
conditions of radiation, cloudiness, precipitation, and 
different effects from the distribution of land and water. 
The movement of the line may often be followed only by 
changes of temperature at  stations passed by the line. 

In  the vicinity of the low, the line of demarcation is 
usually followed by tro h lines in the field of ressure. 

is used, for sometimes only the 1rregularities:m wind 
motion indicate the presence-of these trough lines. It 
may happen that both are mlssing when the movement 
of the front is very slow. 

In all the reports received from stations for the forecast 
charta bmometric tendencies are careful1 transmitted, 
these being considered the best criteria ? or p g  the 
line, threehour changes being recorded. efore the 
steering line passes ressure drops rapidl 

These can best be used 5 w en a close network o P stations 

El as the passage 
the fall is suddenly c R ecked, the barograp trace becoming 

near1 horizontal. In  front of the squall line there is 

rise at the passage of the line. 
usual 9 y a slight dip in the pressure record with a sudden 

* * * * * 
The ultimate ideal of the Bergen Weather Bureau is to 

issue detailed forecasts arrived at  bv mathematical cal- 
culations of the movements of the pohr.front. Most im- 
portant is the velocity of propagation, and 
of position. In  the computations due 
take.n of loc,al controls, acceleration, 
which complicate the problem immensely. Such calcu- 
lation of the probable movement of the front is part of 
the daily forecasting work, approximation fixing the 
amount of retardation due to orographical obstacles. 
This is determined in part bT comparing the actual wind 
velocities and the relocit.ies indicated hy the gradient. 

APPLICATION OF THE BJERKNEI THEORY TO THE SYNOPTIC 
CHARTS OF THE UNITED RTATES WEATHER BUREAU. 

Probably the first instance of an application in United 
St-ates of methods of forecasting as developed at  the 
li Vaervarslingen paa Vestlandet ’ was the discussion by 
C. L. Meisinger 21 and his series of charts showing stream- 
lines giving the direct,ion of the winds at  the time of ob- 
servation. He states, “This method has been devised 
by Bjerknes and used by him in his studies in forecast- 

of the wind of south- 

This nrticle was one of a series in a study of 

ing in Norwa and ot.her the world.” Meisinger’s 

erly component! after it ground at  the wind- 
charts also s z ow the pro 

shift line. 

answer to the question, “Will a secondary unit of low 
pressure develop in the trough 9 ” The conclusions 
reached were based on wind flow and tem erature data. 
A squall-line, as long as it  exhibits the wel~-known prop- 
erties, may be considered a noiiiial squall-line. Imme- 

11 Mo. WEATHER REV. Februar l a  48 : 13-80 ;,Precipitation Of sleet and folmm 
tion of glare in Eastern rfnltea Star&, Jakary, 1920. 
I Mo. WEATEB REV., October, 1820,48 : S32-5W 
9 Mo. WEATHEB REV Febnlary l820,48 : M. 
I 4  Mo. WEATHFR RE;., January: 1921, 49 : 11-12. C. 0 .  Andrus, “Applicatlm Of 

- 

Bjerknes’s Lines to the Development of Seeondarg Lows. 



400 MONTHLY WEATHER REVIEW. AUQUS'I', 1922 

diatelv a manifestation or tendency to manifest proper- 
ties 03 the steering surface develops, the observer must 
be on the watch for t,he formation of a secondav. The 
first indicat,ions may be followed by a persist.ing ten- 
dency, and the secondary depression form? to remain, it 
may be, but a temporary one, yet the center of future 
developments. This seems to be a very frequent situa- 
tion, not alone in the Mississippi Valley to which Andrus 
referred, but even more especially true of t,he Plateau 
Re on to the southwest, as will be seen later. 

f n u m b e r  of sporadic nttempt.s to trace t4he lines on 
the Washington charts have been made at t,he Bergen 
Institute, but with only enough success to assure t,he in- 
vestigators, that the lines were there and could be traced 
and used for more esact and detailed forecasting, espe- 
cially with the introduction of more detailed reports. 
In the reliniinarp investigations on the extension of 

lished by the Deutche Seewarte under the direction of 
Captain Hoffme erJa5 have been more successfully used 

continent and over the northern Atlantic. 
More intensive work on the Washin ton maps (the 

details to be outlined later in this repor8 has shown the 
lacin8 of the lines to be more or less satisfactory. 

hversity of topography from west to east complicates 
the problem enormously but not near1 as much as the 

with the single exception of the Washington, 8. C., 
reports, barometer readin are given to the nearest 
even hundredth inch anfpressure variation for the 
nearest even hundredth, for a 12-hour eriod, abnormal 

even Fahrenheit degree, with even degrees for the 24- 
hour change. These conditions practically exclude an 
exact determination of the position of the steering sur- 
face, or warm front. "he position of squall-lines or 
cold fronts seems more easily determined. 
Only the barest possible data for clouds is available 

on the charts:8 that is the reports of clear, partly cloudy, 
and cloudy, excluding the very best critena available to 
the forecaster in the Scandinavian countries, the rate, 
direction, etc., of the cirrus sheet and other important 
details concerning the cloud cover. There are no visi- 
bility reports avdable, while in Norway fog, haze, and 
visibility are all reported. Time of beginning and time 
of cessation of ram are YO im ortant in marking the 
advance of either warm or col 1 fronh that they like- 
wise have a lace in the code reports. 

Professor ijerknes in his article 27 on the im rovenient 

8 to 16, or even 32, directions of wind. To observe 
and report these directions accurate1 "will be an im- 

flus suggested chan e is not as important as of flow." 
an increase in the number o stations. In 1918, in 
Norway, when the increase of stations from 8 to 90 took 
place i t  gave an ideal distribution of about 80 stations 
to an area 5' square, from 58" to 63' north latitude, 
from 5' to 10' east longitude. The 8 stations a t  the 
beginning was about the distribution now to be found, 
for example, in 75'-70' west longitude, 40'45' north 

the line o P discontinuity about the pole, the charta pub- 

in determining t 1 e position of the line on the American 

inadequate data given on the charts. v n the first lace, 

change. Likewise, the same is true P or temperature, 

of weather forecastin referring especiall to t % e United 
States, suggests as o P first importance t K e change from 

portant ste in making it possible to h aw the true lines 

K 

Li V. Bjerknes: "Om Vaer-og Stormvarsllnger og Velw til at forbedre dam." Figure8 
6 and 7. (An address delivered by Prof. Bjerknes before the Trades 

nV. Berknes: "Po6sIble Improvements in de8ther Foremsting." Monthly 

6-11 

contains +any de?- not shown on the print+ dell weather mapEd. 
Weather Revlea.. February, 1919, p. 99. 

C*Ff&W?gr.) chart prepared In the Weather Bureau Foretast Division, 

latitude, or the followin 8 or 10 stations, Portland, Me., 
Nantucket, Block Islanf, Hartford, New York, Concord, 
Northfield, possibly Canton and Philadel hia. That 
distribution is typical for the eastern paxt o P the United 
States and is immensely better than any representative 
western section, say the possible three stations in the 
same latitudes, between 120' and 125O west longitude, 
Eureka, Red Bluff, and Roseburg. If the average were 
S to a 5"-area, this would be a great stride toward the 

' 

ideal network. Professor Bjerknes suggests the change 
from climatological stations to telegraphic:8 and then 
the number would be in about the same proportion to 
area as is used in western Norway. This is an ultimate 
ideal and probably the increase and improvement in 
radio telegraphy will some day make i t  possible. 

With these generalized reports the criteria for indenti- 
fyin the olar front were modified to fit the situation, 
in t h f  e stu y of the charts for January, 1921, which were 
chosen as an illustration for the United States. 
TAP weather cha.rt for Jaw. 1,1991 (Crh.a.rt A.L. B. I. j-The 

warm front can be tmced from the center of the cyclone in 
a genera.1 NW.SE. direction first by the area of converg- 
ing winds and secondly, by the actual discontinuities in 
temperature. For example, on the 8 a. m. chart of Jan- 
uary 1, the edge of the steering surface of the cyclone cen- 
tral over Lake Superior, rou hly marked b converging 

east of the line to those on the west in the warm sector of 
about 12'. l'he line lies between Parry Sound and Sau- 
geen, marked by the converging winds, between Oswego 
and Buffalo, where the tem ertiture difference is 14', Pitts- 
burgh and Harrisburg, wit \ a difference of 16' and con- 
tinuing in a south-southeasterly direction, probably join- 
in the cold front of the low off the Grand Banks. 

h e s e  same stations are marked by discontinuities in 
the 24-hour barometer change; Harrisburg has had an 
abnormal rise of 0.04 inch over the 24-hour period, while 
the fall a t  Pittsburgh amounted to 0.18. A general 
cloudiness is to be found in the vicinity of the line, with 
qrecipitation a t  the time of observation a t  Parry Sound, 
hault Ste. Marie, and Sau een; at Houghton, Marquette. 
and Escanaba, where the fine has passed, the amounts of 
precipitation have been respectively 0.01 inch and 0.08 
inch within the preceding 24-hour eriod. 

warm front are as follows: 
1. General area of wind convergence toward center of 

the low. Increase in velocities. 
2. Temperature discontinuities with greatest rise in 

3-1 hours a t  the rear of the line, showing the warm front 
has passed. 

3. Most marked fall of barometer for abnormal 24- 
hour change, with the passage of the line. 

4. Precipitation alon the line with general area of 
cloudiness, together wit 5 accumulnted amounts for the 
past 24 hours. 

One must take all these factors into consideration along 
with topographical conditions, which latter can not be 
enumerated here in detail but will be apparent to a more 
experienced forecaster. 

A t  the rear of the warm sector comes the squall line 
from the cyclonic center south or southweet. 

Often runnil% t ere is but one squall-line which marks the psi- 
tion of the polar front, far more frequently, several will 
be found marking the southward extensions of cold sir 
of the advancing cold front. 

winds, has an average rise o P temperature 9 rom stations 

Summarizing, then the criteria P or the location of the 

This would involve sbmit 4.500 crtatious. 
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The position of the squall-line can be determined by 
the following criteria, the demonstration of which is given 
later : 

1. Slight convergence of winds, which in the case of 
Washington charts is often obliterated by the use of only 
eight wmd directions. Increased velocities. 

2. Temperature discontinuities, with more marked fall 
at the stations where the line has passed. 

3. Rising barometer with the passa e of the line, de- 

4. Precipitation and cloudiness with the passage of the 
termined from the 24-hour abnormal c % ange. 

line, followed b clearing weather. 

surface in the warm season is the t undershower. 
is not the local thunderstorm due to intense heating, but 
a t ical cold-front phenomenon. 

&!e low-pressure area mentioned above had not 01.2 
but a fan of squall-lines, one line lying well along the 
eastern edge of the Mississippi Valley marked by strong 
wind convergence, strong temperature, and pressure dis- 
continuities, the difference in tem erature between 

Smith 20°, St. Louis and Coumbia, Mo., 12'. The pres- 

% h l S  
A common p l enomenon with the assage of the s ua!l 

Shreveport and Dallas bein 22', Litt P e Rock and Fort 

can be identified; P or example, 

a series of steps to the north, 
and three a t  least, ossibly five 

and North Platte, the tempera- 
ture difference beina 4O, the fall 1 6 O  a t  Valentine com- 
ared with 6' at 8orth Platte, the wind west at  the 

ratter station with the weather clear, while the former 
has a northwest wind accompanied by snow, the re- 
cipitation for the 24-hour period is already 0.02 inc!. 

These LOWS, together with a third central in British 
Columbia, are the last of a series begun in December. 
The one central over Lake Superior on the second has 
moved to the northeast to the south shore of Hudson 
Bay. The secondary squall lines are becoming very com- 
plioated, at least five secondaries a pearing, one over the 
northern part of Texas being a welrdeveloped LOW. By 
the third this secondary is giving heavy ram in the lower 
Mississippi Valle 

The ma on &e 4th a t  8 a. m. is very com ha ted .  
The seconfary mentioned has swept off to the ltlantic, 
while the LOW from t8he Pacific coast now lies north of 
the Great Lakes. 

This series is terminated by an area of high pressure 
growing over the Winne eg district. its cooling tempera- 

the Atlantic coast, south in or below t e Gulf of Mexico, 
and then the warm front of the first of the new series 
carries it nearly due north along the borders of the Plltteau 
district to the center of the low, which for pur oses of 

closed by the cold outbreak under ~bserva t ion .~~ * * * 

E tures extending far sout R , so that the olar front lies off 

discussion we will call B, the A series being consi f; ered as 

DISCL.SSION. 
BY ALFRED J. HENRY. 

Chart A. L. B. I is the Daily Weather Map for January 1. 
1921, redrawn from the map submitted by Miss Beck and 

9 The remeinder of the article takes up in detail the discussion of the groups 01 
CydOIlW that cmsaed the United States in January 1921. Space d m  not permit the 
reproduction of the series of maps but the or inah have been filed in the Westher 
Bureau library and are available tdstudmtr an#o!hers who may wish to colwlt them. 
-Ed. 

altered very sli htly as to the position of the polar front 
in the rear of t % e cyclone center. In  redrawing the map 
I have used only wind directions for those stations at 
which the velocity was at  least 10 miles per hour (4.5 
m. p. s.). This was done in order to eliminate from 
consideration the records for stations at which light 
winds or calms prevailed. 

The result of this omission is, first, the lines of flow as 
indicated by the long heavy arrows are based upon a 
smaller number of actual observations, and second, some 
directions that did not conform to the eneral lines of 
flow, probably due to light winds or cams ei have been 
eliminated from consideration. 

That art of the polar front line figured by the heav 
broken [ne in red is recisely as drawn by Miss Bec 
from a consideration o F all the data, but the polar front 
in the rem of the cyclone center makes a sharp westward 
bend over Nebraska and an equally sharp return to the 
eastward over southern Kansas and Missouri. In  thus 
drawin the line a number of northwest winds in the 

ored, since it seems s were lr 
upper %ississi pi Valle 

robable that t$e shift o the win to that direction must 
gave occurred very close to the moment of observation. 
The temperature at the stations so ignored showed very 
little fall from the readings 24 hours rcvious. 

The eastward inflection of the h e  over southern 
Kansas is illustrative of the'manner in which a wedge 
of cold air rather frequently penetrates into the warmer 
air in the southern segment of n c lcone. F'rom the 
forecasters point of view such a conchion if carried on 
in an estensive scale means the estinguishment of the 
cyclone, but if only to a small extent, as here illustrated, 
it simply makes for a diminution in the amount of cool- 

experienced in the rear of the c lcone, since the 
coder air is manifestly soon shut off T rom the original 

!%e paucity of data of wind velocities west of the Rocky 
Mountains is striking1 illustrated by the chart in 

19'21, considered by Miss Beck, have not been re ro- 
duced for want of space, and for other reasons. $any 
of the maps were unsatisfactory for the reasons so clearly 
stated by Miss Beck on a previous pa e. 

It may not be amiss to here consi CK er very briefly the 
suggestions of Professor Bjerknes in a previous article I o  
that the number of telegraphic statioiis in the United 
States be increased by about 4,500. A little caloulation 
will uncover the difficulties which lie in the way of c m ~ -  
ing out the suggestion. The number of telegraphic 
stations at  present is slightly more than 200. Under 
the most favorable conditions the data from these 
stations can be charted in 35 minutes and, allowin 15 

caster is able to be in issuing forecasts within an hour 

ra hic stations should be increased u ward of twenty- 

generalize the data within a reasonable time after the 
observing hour, even if the present district forecast 
centers, of which there are 5, should utilize reports 
from only such additional stations as would lie within 
their respective geographic districts. 

su ly. 

question. The remain B er of the maps for January, 

minutes additional for generalizing the data, the f ore- 

from the time of o Q servation. If the number of tele- 

felt it would be physically impossib P e to chart and 

See lootnote 27. 


